Abstract. Periostin (POSTN) is a protein involved in multiple processes important for cancer development, both at the stage of cancer initiation and progression, as well as metastasis. The aim of this study was to determine the expression of POSTN in the cells of non-invasive ductal breast carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC) and to correlate it with clinicopathological data. Immunohistochemical studies (IHC) were conducted on 21 cases of fibrocystic breast change (FC), 44 cases of DCIS and 92 cases of IDC. POSTN expression at mRNA (real-time PCR) and protein level (western blot analysis) was also confirmed in selected breast cancer cell lines (MCF-7, SK-BR-3, MDA-MB-231 and BO2). Statistically significant higher level of POSTN expression in IDC and DCIS cancer cells compared to FC was noted. Also, the level of POSTN expression in the cytoplasm of IDC cells was shown to increase with the increasing degree of tumour malignancy (G) and significantly higher expression of POSTN was observed in each degree of tumour malignancy (G) relative to FC. Statistically significant higher POSTN expression was observed in tumours with estrogen receptor-negative (ER 
Introduction
Periostin (POSTN) is a glycoprotein (93.3 kDA) that belongs to the group of so-called matricellular proteins (1) and it is involved in both physiological and pathological processes. Under physiological conditions, it plays an important role in collagen fibrillogenesis (2) , cell adhesion and wound healing process (1) . POSTN is also functionally important in the physiological process of epithelial-mesenchymal transition (EMT) that is crucial to normal embryonic development (3) . It participates in the formation and maintenance of correct bone and teeth structure (4) , and in heart development (atrioventricular valve) (5) . In recent years, there have been a number of studies showing unique role of POSTN in oncogenesis process. The mechanism by which POSTN interacts with tumours has not been completely elucidated. Initial studies show that POSTN influences cancer cells by binding integrin receptors αvβ 3 , αvβ 5 and α6β 4 that are present on the surface of cancer cells and play an important role in cancer progression by stimulating angiogenesis and metastasis (6) (7) (8) (9) (10) (11) . This is supported by studies by Zhang et al (12) and Bao et al (13) , who demonstrated that in breast and colorectal cancer POSTN interacts with integrins αvβ 3 and αvβ 5 , thus inducing AKT/PKB signalling pathway. Furthermore, Zhu et al (14) demonstrated that recombinant POSTN promotes adhesion and migration of epithelial ovarian tumour cells, and that this function was inhibited by the αvβ 3 or αvβ 5 antibody, indicating that POSTN is important in the αvβ 3 or αvβ 5 integrin-dependent adhesion and migration of epithelial cells. Baril et al (15) showed, in turn, that in pancreatic cancer cells, the α6β 4 -integrin complex acts as the cell receptor of POSTN and this interaction promotes migration through phosphoryla tion of focal adhesion kinase (FAK) and protein kinase B (AKT) through activation of the PI3 kinase pathway. Moreover, Malanchi et al (16) found that POSTN recruits Wnt ligands and therefore increases Wnt signalling pathway in cancer stem cell population. Noteworthy are also studies by Lee et al (17) , who were first to describe that inhibition of POSTN with a DNA aptamer may significantly inhibit potential for invasive growth and metastasis in breast cancer due to blocking the binding of POSTN to integrins and inhibiting the POSTN-induced signaling pathways.
Because of high POSTN expression in cancer cells, currently a great deal of attention is paid to possibilities of use of this protein as a diagnostic marker or prognostic factor. High POSTN expression in patients with various type of cancer is usually associated with poor prognosis. In those patients, significantly shorter survival time, increased risk of local lymph node involvement, metastasis, faster disease relapse and increased resistance to chemotherapy is observed (18) (19) (20) (21) (22) (23) . Similarly, in many in vitro studies on cancer cell lines, correlation between the level of POSTN expression and invasive phenotype and ability to metastasise was also shown (13, 15, (24) (25) (26) .
In our recently published study (27) , as well as in studies of other authors (20) , a different localization of POSTN expression in invasive ductal carcinoma (IDC) e.g. in cancer-associated fibroblasts (CAFs) and in cancer cells was confirmed. Using laser capture microdissection technique (LCM), we were first to show POSTN expression at mRNA level in both of those cell types as well as statistically significant higher expression of mRNA POSTN in stromal cells relative to cancer cells (27) . Furthermore, significantly increased expression of POSTN in CAFs in IDC relative to pre-invasive ductal breast carcinoma in situ (DCIS) was also noted, which may indicate the role of POSTN expression by CAFs in breast cancer progression (27) . In view of the above facts and as one of the very first, in this study we have attempted to examine the importance of POSTN expression in IDC cancer cells only, in reference to clinicopathological data.
Materials and methods
Patients and tissue samples. Immunohistochemical (IHC) studies were performed on 21 cases of fibrocystic breast change (FC) (control group), 44 paraffin-embedded samples of non-invasive DCIS and 92 archival paraffin blocks of invasive ductal carcinoma (IDC), diagnosed from 2000 to 2006. Paraffin blocks containing IDC were obtained from Lower Silesian Oncology Centre in Wroclaw, and samples of DCIS and FC were obtained from the Department of Tumour Pathology of the Maria Sklodowska-Curie Institute of Oncology in Krakow. The paraffin sections, stained with haematoxylin and eosin (H&E), were used to verify the diagnosis and the malignancy grade of the tumours (G), according to WHO criteria (28) . The clinical and pathological traits of the patients are presented in Table I . The molecular subtypes were luminal A (45%), luminal B (17%), HER2 type (24%). Triple-negative carcinoma was 14%. The patients were treated by mastectomy or quadrantectomy, with a subsequent axillary lymph node resection. In 6 patients (6.5%) neoadjuvant chemotherapy prior to surgical resection of the tumours was applied. Forty-eight patients (51.6%) received adjuvant chemotherapy, whereas radiotherapy was administered to 39 (41.9%). The mean age of the patients at diagnosis was 59.4±11.31 years (range 33-84). The study was approved by the Commission of Bioethics of the Wroclaw Medical University, Poland. All the patients gave written informed consent to participate in the study.
Cell lines. Four human breast cancer cell lines, MCF-7, SK-BR-3 (Cell Lines Collection of the Ludwik Hirszfeld ; triple-negative) but, instead, they express mesenchymal markers, including α-smooth muscle actin (α-SMA). The latter cell lines show the highest metastatic potential as compared to the other two groups. All the breast cancer cells were cultured in α-MEM medium supplemented with 10% fetal calf serum (FCS; Invitrogen, Carlsbad, CA, USA), 2 mM L-glutamine and antibiotics.
IHC. Tumour samples were fixed in 4% buffered formalin, dehydrated and embedded in paraffin. Immunohistochemical reactions were performed using Autostainer Link 48 (Dako, Glostrup, Denmark). Deparaffinization and antigen retrieval were performed using Target Retrieval Solution, pH 9.0 at 97˚C for 20 min in a PT Link Rinse Station (both from Dako). The sections were washed in TBS/0.05% Tween-20 and incubated with EnVision FLEx Peroxidase-Blocking reagent (5 min at RT). Then, the primary antibodies were applied for 20 min at RT. To detect POSTN expression, a rabbit polyclonal antibody was used (dilution 1:200; Novus Biologicals, Littleton, CO, USA). The Ki-67 antigen was detected using mouse monoclonal antibody, clone MIB-1 (ready-to-use); estrogen receptors (ER) using mouse monoclonal antibody, clone 1D5 (diluted 1:100) and progesterone receptors (PR) using mouse monoclonal antibody, clone 636 (diluted 1:100) (both from Dako). The sections were then washed in TBS/0.05% Tween-20 and EnVision FLEx/HRP secondary antibodies (Dako) were applied for 20 min at RT. The peroxidase substrate, diaminobenzidine (DAB), was applied and the sections were incubated for 10 min at RT. Finally, the sections were counterstained with Mayer's haematoxylin, dehydrated in alcohol (70, 96 and 99.8%) and xylene, and mounted in the SUB-x mounting medium (Dako). HER2 expression status was determined using HercepTest™ and HER2 FISH pharmDx™ kit (both from Dako), according to the procedure recommended by the manufacturer. All reactions were conducted with negative controls, in which the primary antibodies were omitted.
RNA isolation, cDNA synthesis and real-time PCR. The total RNA from the cell lines under study was extracted using an RNeasy mini kit (Qiagen, Hilden, Germany), according to the manufacturer's protocol. To eliminate genomic DNA contamination, on-column DNase digestion was performed using RNase-Free DNase Set (Qiagen). The quantity and purity of RNA samples were assessed by measuring the absorbance at 260 and 280 nm with NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). Reverse transcription reactions were performed with the use of High-Capacity cDNA Reverse Transcription kits (Applied Biosystems, Foster City, CA, USA). The expression of POSTN mRNA in the studied cell lines was determined by real-time PCR with 7500 Real-time PCR system and iTag Universal Probes Supermix (Bio-Rad, Hercules, CA, USA) according to the manufacturer's protocol. β-actin was used as reference gene. For the reactions, the following sets of primers and TaqMan probes were used Hs00170815_m1 for POSTN, Hs99999903_m1 for β-actin (Applied Biosystems). All reactions were performed in triplicate under the following conditions: initial denaturation at 94˚C for 10 min and 40 cycles of denaturation at 94˚C for 15 sec, followed by annealing and elongation at 60˚C for 160 sec. The relative expression of POSTN mRNA (RQ) was calculated with the ∆∆Ct method (29) .
Evaluation of IHC reactions. IHC reactions were assessed under a Bx41 light microscope (Olympus) by two independent pathologists blinded to the experimental and patient data.
The expression of POSTN in cytoplasm was evaluated using the semi-quantitative IRS scale, according to Remmele and Stegner (30) , which was used in our previous study (27) . POSTN expression was evaluated on whole section (one slide per case). The scale is based on the percentage of tumour cells showing a positive reaction (A) (0 points, no cells with positive reaction; 1 point, 1-10% cells with positive reaction; 2 points, 11-50%; 3 points, 51-80%; 4 points, over 80% cells) as well as on the intensity of the reaction color (B) (0 points, no reaction; 1 point, low intensity; 2 points, moderate intensity; 3 points, strong intensity reaction color). The final score represents the product of the two values and falls in the range 0-12 (AxB). The nuclear expression of Ki-67 antigen was evaluated using a semi-quantitative five-grade scale based on the proportion of cells with the reaction product: (0 points, no reaction; 1 point, 1-10%; 2 points, 11-25%; 3 points, 26-50%; 4 points, over 50% of cells have the reaction product). The status of ER and PR receptors was scored from 0 to 3 points, depending on the percentage of positive cells (0 points, no reactions; 1 point, 1-10%; 2 points, 11-50%; 3 points, 51-100% stained cells). The expression of HER2 receptors was evaluated using a scale that takes into account both the intensity of the membrane reaction and the percentage of positive tumour cells (31) .
Western blot (WB) analysis.
Whole cell lysates were obtained using a RIPA buffer (50 mM Tris-Cl pH 8.0, 150 mM NaCl, 0.1% SDS, 1% Igepal CA-630), with the addition of a protease inhibitor cocktail, 0.5% sodium deoxycholate and 0.5 mM phenylmethanesulfonylfluoride (PMSF) (all from Sigma, Munich, Germany). Protein concentration was measured using BCA technique (Thermo-Pierce, Rockford, IL, USA) and NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific). Cell extracts were mixed with sample buffer (250 mM TRIS pH 6.8, 40% glycerol, 20% (v/v) b-mercaptoethanol, 100 mM DTT, 0.33 mg/ml bromophenol blue, 8% SDS) and then subjected to denaturation for 10 min at 95˚C. Equal amounts of protein (30 µg/lane) were separated by electrophoresis in a 10% gel, in Mini Protean 3 apparatus (Bio-Rad, Marnes-la-Coquette, France). Subsequently, the proteins were electrophoretically transferred to PVDF membrane (Immobilon P; Millipore, Billerica, MA, USA) and sites of non-specific binding were blocked using 3% BSA in TBST buffer. Next, for the detection of POSTN, the membranes were incubated with anti-human POSTN rabbit polyclonal antibodies (1:200; Novus Biologicals). Primary antibodies were incubated overnight at 4˚C. The membrane was rinsed in 0.2% TBST buffer and subsequently incubated for 1 h in a solution of donkey anti-rabbit antibody conjugated with peroxidase (1:2,000; Jacksons Immunoresearch, Suffolk, UK). The detection was conducted using a substrate for chemiluminescence (Immun-Star HRP Chemiluminescent kit; Bio-Rad) and the results were documented for exposure times ranging from 2 sec to 30 min in Chemi-Doc xRS Molecular Imager apparatus (Bio-Rad). The resulting bands were estimated by densitometric quantitative analysis of proteins and normalized to β-tubulin (Abcam, Cambridge, UK) levels. The amount of the applied protein was controlled by staining the total protein on the membrane using Ponceau S (Sigma). POSTN expression was examined in three independent assays.
Immunofluorescence (IF)
. Cells were fixed with 4% paraformaldehyde for 12 min at RT and permeabilised using 0.2% Triton x-100 for 10 min. The cells were incubated overnight at 4˚C with primary anti-POSTN antibodies (1:200; Novus Biologicals). Subsequently, secondary fluorescein isothiocyanate (FITC)-conjugated anti-rabbit antibodies were applied (1:1,000, 1 h, RT) (Jacksons Immunoresearch). The sections were mounted in a DAPI-containing medium (ProLong Gold antifade reagent with DAPI) (Thermo Fisher Scientific) and analysed using a confocal laser scanning microscope FV3000 Fluoview (Olympus). Omitting the addition of primary antibody was performed as the respective negative controls.
Statistical analysis. Prism 5.0 software (GraphPad, La Jolla, CA, USA) was utilized to analyse the data. The Mann-Whitney test was used to compare the groups of data that did not meet the assumptions of the parametric test. Two-way ANOVA with the Bonferroni multiple comparison test was used to analyse the differences between the analysed cell lines. The correlations between the clinicopathological parameters and POSTN expression were analysed using the Mann-Whitney U test, Fisher's exact test and Spearman's correlation test. The Kaplan-Meier method and the log-rank test were used to analyse patients' overall survival. The cut-off scores of POSTN expression used for Kaplan-Meier overall survival curves were 0-2 vs. 3-12 pts. Cut-off points for the analysis were estimated based on median. For each variable, the hazard ratio (HR) and the 95% confidence interval (95% CI) were estimated. In all analyses, the results were considered statistically significant when p<0.05.
Results

Immunohistochemical POSTN expression and its impact on patients' clinicopathological data.
In IHC experiments, POSTN expression in the cytoplasm of cancer cells was noticed in 46 cases of IDC (50%). The IHC reaction showing POSTN expression in FC, DCIS and IDC cancer cells is presented in Fig. 1 . The average value of POSTN expression in IDC cancer cells was 1.84±2.29. Statistically significant higher level of POSTN expression in IDC cancer cells as compared to FC (p<0.001 Mann-Whitney U test) (Fig. 2) was observed. Also, significantly increased POSTN expression in DCIS vs. FC cells (p<0.005, Mann-Whitney U test) (Fig. 2) was shown. Moreover, an increasing level of POSTN expression in the cytoplasm of IDC cells with the increase of the degree of tumour malignancy (G) was shown in the analysed group of IDC cases, but no significant correlation was observed between particular malignancy grades. Also, significantly higher level of POSTN expression in particular degrees of tumour malignancy (G) was found relative to its expression in cases of FC: FC vs. G1 (p=0.0111), FC vs. G2 (p<0.001), FC vs. G3 (p<0.005), (Mann-Whitney U test) (Fig. 2) (Fig. 3) was also observed. No such significant correlation was found for HER2 antigen (Fig. 3) . Also, higher POSTN expression was shown in the group of IDC tumours of triple negative phenotype (ER -, PR -and HER2 -), as relative to the group expressing those receptors, however, the correlation was not significant (Fig. 3) . We also noted statistically significant negative correlation between cytoplasmic POSTN expression in IDC and the expression of ER and PR (r=-0.2488, p=0.0168; r=-0.2062, p=0.0486, Spearman's rank correlation) (Fig. 4) . Moreover, statistically significant positive correlation was observed between POSTN expression in IDC cancer cells and expression of Ki-67 proliferation antigen (r=0.2042, p=0.0422, Spearman's rank correlation) (Fig. 4) .
In order to determine the importance of POSTN expression in the IDC tumour cells, analysis of correlation between obtained results and clinicopathological data was performed (Table II) . With the use of χ 2 test, in the analysed group of patients statistically significant correlation was shown between high level of POSTN expression in IDC cells (>2 IRS points) and the expression of ER and PR (p=0.015, p=0.0318, Fisher's exact test) and lymph nodes metastases (pN) (p=0.049, Fisher's exact test). However, no statistically significant correlation was observed between POSTN cytoplasmic expression in IDC and tumour malignancy grade (G), pre-menopausal stage, the size of primary tumour (pT) and age of patients.
Prognostic significance of POSTN expression.
No statistically significant correlation between POSTN expression in cytoplasm of cancer cells and overall patients' survival time (p=0.287, Mantel-Cox test) (Fig. 5) . The results illustrate tendency towards shorter overall survival time (OS) in the group of patients with high POSTN expression (Fig. 5) . Additionally, it was shown, that the presence of lymph node metastases (pN) (p<0.0001), tumour size (p<0.0001) and advanced disease stage (p<0.0001), (Mantel-Cox test) (Fig. 5 ) in the test group of patients were associated with patient poor OS. (Fig. 6 ). Significant, strong correlation between POSTN expression in IDC cells at mRNA level and its expression on the protein level (r=0.8833, p=0.0031, Spearman's rank correlation) (Fig. 6 ) was also shown.
Level of mRNA and protein expression of POSTN in
In order to verify POSTN localisation, immunofluorescence (IF) was performed on aforesaid breast cancer cell lines. Analysis of the results confirmed cytoplasmic nature of the reaction (Fig. 7) and is in line with the results of IHC studies.
Discussion
Existing literature data on the role of POSTN expression in breast cancer confirmed POSTN expression localized both in CAFs and in cancer cells, in which expression was usually found in 30-60% of analysed cases of cancer (19, 20, 27) .
In the present study, for the first time, expression of POSTN localized only in cancer cells of pre-invasive DCIS and IDC were compared. POSTN expression in the cytoplasm of cancer cells was reported in 50% of IDC cases by IHC technique. Statistically significant higher level of POSTN expression in IDC and DCIS compared to FC was recorded. Moreover, we observed an increasing level of POSTN expression in the cytoplasm of IDC cells with the increase of tumour malignancy grade (G). A similar trend was observed in our previous studies (27) , which may indicate the significant role of POSTN localized in both stromal cells (CAFs) and cancer cells in the progression of breast cancer. Similarly to the results of our studies, Nuzzo et al (20) , with the use of IHC technique, confirmed breast cancer expression of POSTN in both stromal cells and cytoplasm of cancer cells (40% cases). The authors emphasised remarkably decreased expression of this protein in cancer cells in comparison to stromal cells, which is also in line with the tendency observed in our studies. Nuzzo et al (20) clearly suggested that reciprocal interactions between POSTN localized in cancer cells and in stromal cells may play a crucial role in breast carcinogenesis, most likely due to functional cross-talk between the two compartments (16, 20, (32) (33) (34) . Noteworthy are also studies by Zhang et al (12) , who by IHC technique obtained results that similarly to ours confirmed increased expression of POSTN in breast cancer in comparison to control group with benign breast lesions. However, in most of the cases studied, POSTN expression was localized mainly in the stroma of breast cancer, and only in few cases in the cytoplasm of cancer cells (12) . This is in contrast to the results of our experiments, where cytoplasmic expression of POSTN was observed in 50% studied cancer cases. Those differences may be not only due to the different methodologies of research (usage of different antibodies), but also due to various quantities of studied breast cancer cases. Similarly, Puglisi et al (18) confirmed increased POSTN expression in breast cancer in comparison to corresponding normal tissues. In 57% of cases, POSTN expression was shown in the cytoplasm of cancer cells, which is in accordance with results obtained by us. These authors also reported significant correlation between cytoplasmic expression of POSTN and expression of progesterone receptors, which is also in line with the result of our IHC experiments. However, contrary to our studies, Table II . Relationship between periostin (POSTN) expression in cancer cells and selected clinicopathological parameters in IDC patients. no correlation between cytoplasmic expression of POSTN and the expression of Ki-67 proliferation antigen, and status of estrogen receptors, was shown. Moreover, in 12% cancer cases Puglisi et al also observed nuclear expression of studied glycoprotein (18) , however, no such POSTN localization was confirmed in any other publication so far. Nuclear localization of POSTN shown in the study of Puglisi et al (18) seems quite surprising, as this glycoprotein is believed to be a component of extracellular matrix. Similar conclusions were drawn by Shao et al (35) by the analysis of POSTN expression in patients with breast cancer. With the use of WB and IHC, the authors confirmed increased expression of POSTN in the cytoplasm of cancer cells in comparison to the corresponding control tissues, indicating a role of POSTN in cancerous transformation, which is consequently in line with the results of our studies. Comparable results of IHC studies were obtained by the research group of xu et al (19) , who showed significantly higher POSTN expression in breast cancer in comparison to atypical hyperplasia. The authors observed POSTN expression in the cytoplasm of cancer cells (30% of cases), which is also in line with our results. Positive correlation was also found between POSTN expression and lymph node metastases (pN), as well as cancers with triple-negative (ER -, PR -and HER2 -) phenotype, which agrees with the tendency noticed by us. Those results, similarly to this study, show potential role of this glycoprotein in cancers that are more aggressive (19) .
In this study, an attempt was made to evaluate intensity of POSTN expression in selected breast cancer cell lines (MCF-7, SK-BR-3, MDA-MB-231 and BO2) by WB and real-time PCR. Statistically significant differences in POSTN expression were shown between particular breast cancer cell lines, both at mRNA and protein level. protein level in breast cancer cell lines (MCF-7, MDA-468) was also shown by Puglisi et al (18) . Analogically to the results of our studies, with the use of real-time PCR technique, those authors showed over 50-fold lower expression of POSTN mRNA in MCF-7 cell line in comparison to MDA-468 (18) . However, different results were obtained by Contié et al study group (36) , who did not find expression of POSTN mRNA in selected breast cancer cell lines, MDA-MB-231, MDA-BO2, BT474, T47D and ZR75. It is worth emphasising, that it is the first study, and so far not confirmed in the research of other authors, that shows no POSTN expression in in vitro model in the aforementioned breast cancer cell lines (36) . Noteworthy are also studies by Shao et al (35) , who used cell lines overexpressing POSTN, i.e. 293T, B16F1 and MDA-MB-231. Their research on SCID mouse xenografts confirmed aggressive phenotype of the cells and showed enhanced tumour growth in comparison with control cells, which confirms important role of POSTN in cancer progression and agrees with the tendency observed by us. Interesting conclusion were also drawn by Vardaki et al (37) , who analysed molecular profile of exosomes in metastatic and non-metastatic breast cancer cell lines MDA-MB-231 and MCF-7. The authors showed, that POSTN was enriched in the MDA-MB-231-derived exosomes compared to the MCF-7 ones. Analogically, in a pilot study of breast cancer patients it was shown, that POSTN was enriched in exosomes from patients with lymph node metastasis compared to exosomes from patients with localized disease (37) . Such results allow us to assume, that POSTN may be specific biomarker of metastatic breast cancer, which is also in line with our results and the studies of other authors (19, 35) .
It is also noteworthy that in the available literature, there are also some studies showing a decreased expression of POSTN mRNA in some types of cancers, i.e. gastric (38) and bladder (39) cancers, as well as in cancer cell lines, inter alia in colorectal cancer cell line SW837, bladder cancer cell line T24 and cervical cancer HeLa, CaSki, SiHa and C33A (40) cell lines. It is contrary to the results of our studies, which unambiguously showed an increased expression of POSTN on mRNA and protein level in IDC and analysed breast cancer cell lines. There are few possible theories to explain this relationship. However, it is believed, that in vitro model may not fully reflect the complexity of neoplastic changes occurring in vivo. The above correlation may be also explained by the fact, that POSTN may function differently due to alternative splicing events at the C-terminal region, resulting in 8 different spliced transcripts. Furthermore, decreased POSTN expression in some types of cancers may be also associated with different regulation of some signalling pathways. It was confirmed in the study of Kim et al (39) , who showed, that in bladder cancer POSTN suppresses cell invasiveness through the downregulation of Akt phosphorylation and the upregulation of E-cadherin via twist inhibition. Additionally, Lv et al (38) showed, that POSTN may function as a tumour suppressor in gastric cancer through stabilizing p53 and E-cadherin proteins via the Rb/E2F1/p14ARF/Mdm2 signaling pathway (38) .
The aim of the present study, as one of the very few, was also to analyse the overall survival time of IDC patients depending on the intensity of POSTN expression in the cytoplasm of cancer cells. No statistically significant correlation was found between cytoplasmic expression of POSTN and overall patients' survival time. Only the tendency towards low survival rate in patients with high POSTN expression in the cytoplasm of cancer cells was observed. Slightly different results were obtained by xu et al (19) , who showed that high POSTN expression in cancer cells was significantly associated with a higher mortality risk. Additionally in the Cox regression test, POSTN protein was detected as an independent prognostic factor. Those differences may be due to the fact, that for this study we used significantly smaller pool of breast cancer cases. Nuzzo et al (20) showed also correlation between POSTN expression and a higher mortality risk and this may be also a result of conducting the analysis on significantly larger group of patients. The authors showed also different patients' mortality rate depending on the localization of POSTN expression, i.e. in stromal cells or in the cytoplasm of cancer cells. They found, that positive POSTN expression in cancer cells and low expression in stromal cells is associated with low patients' mortality rate as opposite to the group of patients, in which high POSTN expression was shown in those types of cells, or in the group of patients with low or absent POSTN expression in both cell compartments. According to the authors, this fact confirms functional cross-talk between both cell compartments (20) .
In conclusion, this study is the first to cover the subject of POSTN expression in IDC and DCIS cells only and to describe the correlation with clinicopathological data. We showed increased POSTN expression in IDC cells relative to DCIS cells, which may indicate the role of POSTN expression in the IDC cancer cells in the process of cancerous transformation. Moreover, an increasing level of POSTN expression in cancer cells with the increase of tumour malignancy grade (G) was also shown, as well as the significant negative correlation between POSTN expression in the cytoplasm of cancer cells, and ER and PR receptors. No such significant association was observed with POSTN expression by stromal cells (CAFs) (27) . Those results may suggest, that POSTN localized in the cytoplasm of IDC cells may play a role in the regulation of expression of estrogen and progesterone receptors in IDC. Additionally, in the in vitro studies, we showed an increase in POSTN expression at mRNA and protein level in breast cancer cell lines representing particular phenotype and tumour malignancy grade. Therefore, it should be emphasised, that POSTN localized in the cytoplasm of cancer cells as well as in stromal cells (CAFs) (27) may be a factor playing an important role in IDC, particularly in the process of cancer progression. Based on the presented results as well as on our previous studies (27) and the existing data, may suggest crosstalk between stromal cells (CAFs) and cancer cells in IDC, which is also in line with the results Nuzzo et al (20) .
In conclusion, POSTN may be a promising subject of research aimed at searching for alternative solutions in breast cancer therapy.
